To investigate the perinatal outcomes of twin pregnancies according to maternal age.
Introduction
Advanced maternal age and twin pregnancy are major obstetric concerns with increasing worldwide incidence. The recent trend toward increased women's social participation and delayed childbearing has led to increased proportions of advanced-age pregnancies, multiple pregnancies, and the co-occurrence of both [1, 2] . Live births among women aged 35 years or older increased steadily from 6.1% to 16 .9% between 1985 and 2016 in the United States [3] . Maternal age has increased steadily in Korea over the past few decades, following the same trends as in many other developed
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Yeon-joo Lee 1 countries [4] . The percentage of pregnancies in women over 35 years increased more than 3-fold from 7.4% in 2001 to 26 .4% in 2016 [5] . Along with changes in maternal age, advancements in and increased use of assisted reproductive technology (ART) have resulted in a higher frequency of multiple pregnancies [6, 7] . The twin birth rate (twin births per 1,000 total births) increased by 78% from 18.9 in 1980 to 33.4 in 2016 in the United States [3] . The incidence of twin pregnancy in Korea increased from 2.4% in 2006 to 3.8% by 2016 [5] . The increase in twin pregnancy incidence among women of advanced maternal age is even more striking: from 2006-2016, the incidence of multiple pregnancies in Korea increased from 3.4% to 5.5% in women aged [35] [36] [37] [38] [39] years and from 1.8% to 3.9% in women aged 40 years or older [5] .
As the incidence of twin pregnancy in older women increases, concern grows over the risk of adverse perinatal outcomes. Prior studies have found that advanced maternal age is associated with increased risk of obstetric complications, such as intrauterine growth restriction, gestational diabetes, preterm birth, stillbirth, and cesarean section [8, 9] . However, most of these studies were conducted with singleton pregnancies, and there are limited data regarding the association between maternal age and perinatal outcomes in twin pregnancies compared to singleton pregnancies. Furthermore, previous studies on this subject reached conflicting conclusions [10] [11] [12] . Currently, there are no data on the relationship between maternal age and twin-pregnancy outcomes in Korea. Thus, we investigated changes in the maternal age of women having twin pregnancies over a 22-year-study period at a single tertiary academic hospital in Korea and analyzed the associations between maternal age and perinatal outcomes in twin pregnancies.
Materials and methods
This is a retrospective cohort study of women with twin pregnancies who delivered at or beyond 24 weeks of gestation at a tertiary academic hospital between January 1995 and December 2016. We excluded pregnancies in which 1 or both fetuses died in utero before 24 weeks of gestation. Triplet or higher order multiple pregnancies were also excluded from the analysis. After exclusion, 1,936 cases were included in the study. Subjects were categorized into 5 groups based on age at the time of delivery: <25, 25-29, 30-34, 35-39, or ≥40 years of age. This study was approved by the Institutional Review Board for Clinical Research at Samsung Medical Center.
Maternal demographic characteristics included maternal age at delivery, parity, history of prior preterm delivery, mode of conception (spontaneous vs. assisted conception), and chorionicity. Assisted conception included pregnancies achieved by in vitro fertilization. Chorionicity was established via sonographic findings, including gestational sac number, placental number, the presence of either a "twin-peak" or a "T" sign, inter-twin membrane thickness, and fetal sex. Chorionicity status was confirmed by gross and/or pathologic examination of the placenta after delivery.
Pregnancy outcomes included fetal death in utero (FDIU), fetal congenital anomaly, gestational age at delivery, preterm delivery, preterm labor, preterm premature rupture of membranes (PPROM), placenta previa, placenta abruption, gestational diabetes, preeclampsia, twin-to-twin transfusion syndrome (TTTS), and delivery mode. Gestational age was calculated by the last menstrual period or by the crown-rump length measured during the first-trimester ultrasound. Preterm delivery was defined as a delivery that occurred before 37 weeks of gestation. The rates of preterm delivery at less than 37 weeks and less than 34 weeks of gestation were analyzed. PPROM was defined as rupture of the fetal membranes before 37 weeks of gestation. Cervical incompetence was defined as painless cervical dilatation with bulging of the fetal membranes; an incidental finding of short cervical length during routine ultrasonography was not considered cervical incompetence in this study.
Neonatal outcomes included birth weight, sex, Apgar scores, neonatal intensive care unit (NICU) admission, requirement of assisted ventilation, and neonatal mortality. Neonatal mortality was defined as neonatal death during the first 28 days of life. The neonatal morbidities analyzed were respiratory distress syndrome (RDS), bronchopulmonary dysplasia (BPD), grade 3-4 intraventricular hemorrhage (IVH), periventricular leukomalacia (PVL), stage 2-3 necrotizing enterocolitis (NEC), suspected or proven early and late neonatal sepsis, grade 3-4 retinopathy of prematurity (ROP), patent ductus arteriosus (PDA), and transient tachypnea of the newborn (TTN). RDS was defined as the presence of respiratory distress, as indicated by an increased oxygen requirement (FiO 2 ≥0.4) and compatible chest radiographic Yeon-joo Lee, et al. Maternal age and twin pregnancy outcome findings. BPD was defined as the need for supplementary oxygen for 28 days. IVH was diagnosed by brain ultrasonography and graded using the Papile classification system for intraventricular bleeding without (grade 2) or with ventricular dilatation (grade 3) or with parenchymal involvement (grade 4). PVL was defined as the presence of a cystic lesion and echogenicity in the periventricular white matter [13] . ROP was graded using the International Classification of ROP [14] . NEC was defined as an acquired neonatal acute intestinal necrosis of unknown etiology according to the modified Bell's staging criteria [15] . Neonatal sepsis was diagnosed based on the presence of a positive blood culture (proven sepsis) or positive laboratory evidence in clinically suspected neonates (suspected sepsis). Early or late sepsis was diagnosed when neonatal sepsis was confirmed within the first 7 days of life or after the first 7 days of life, respectively. PDA was defined as symptomatic ductus arteriosus necessitating pharmacological treatment, surgical ligation, or both.
The obtained data were analyzed using the Statistical Package for Social Sciences version 24 (SPSS Statistics; IBM Corp., Armonk, NY, USA). Individual women were the unit of analysis for pregnancy outcomes, and individual infants of twin pairs were the unit of analysis for neonatal outcomes. Trend analysis was used to determine the trend of each outcome variable according to the 5 different maternal age groups. The Jonckheere-Terpstra test and linear-by-linear regression were used for continuous and categorical variables, respectively. Multiple logistic regression analysis was performed to evaluate the effects of potential confounding variables, such as neonatal sex, chorionicity, gestational diabetes, gestational age at delivery, and delivery mode, on the rate of NICU admission. The P-values <0.05 were considered statistically significant.
Results
During the 22-year study period, 1,985 (3.6%) twin deliveries were identified out of 54,914 deliveries performed in our hospital. Forty-nine cases were excluded according to the exclusion criteria, and 1,936 twin pregnancy cases were ultimately included in our analyses. Among them, 47 (2.4%), 470 (24.3%), 948 (49.0%), 417 (21.5%), and 54 (2.7%) women were aged <25, 25-29, 30-34, 35-39, and ≥40 years, respectively. Fig. 1 shows the annual number of twin births and the proportion of twin births per total births from 1995-2016. The number of twin births increased until 2003 and then decreased along with a recent decrease in Korea's national birth rate. However, the proportion of twin births per total births increased by 4 times from 1.4% in 1995 to 5.6% in 2016. A similar trend was seen in the rate of twin births in women with advanced maternal age (Fig. 2) . While the number and proportion of twin births in women aged <35 years decreased from 2003-2016, the proportion of twin births in women ≥35 years has gradually increased, reaching 44.2% The demographic and obstetric characteristics of each maternal age group are shown in Table 1 . The rate of twin pregnancies conceived by ART increased significantly; therefore, the proportion of dichorionic twins also increased significantly with higher maternal age. Table 2 shows pregnancy outcomes by maternal age group. Gestational diabetes and placenta previa incidences increased with increasing maternal age, whereas the incidences of other pregnancy outcomes, such as preterm delivery, preterm labor, PPROM, preeclampsia, placenta abruption, TTTS, FDIU, major congenital anomaly, and delivery mode, were not significantly different among the maternal age groups.
The outcomes of live-born twin infants in each maternal age group are described in Table 3 . Birth weight significantly increased with advancing maternal age. The incidence of small-for-gestational age decreased, while the incidence of large-for-gestational age increased with advancing maternal age, though these trends were not statistically significant. There were no significant differences in the proportion of low Apgar scores, use of ventilator treatment, or neonatal mortality among maternal age groups. However, the rate of NICU admission significantly decreased with advancing maternal age. There were no statistically significant differences Cases with unknown chorionicity are excluded.
Yeon-joo Lee, et al. Maternal age and twin pregnancy outcome in the rates of RDS, BPD, IVH (≥grade 3), PVL, NEC (≥stage 2), early and late sepsis, ROP (≥grade 3), PDA, and TTN among maternal age groups (Table 4) . In multivariable analysis, advanced maternal age, advanced gestational age at delivery, and cesarean section were significantly associated with a decreased risk of NICU admission (Table 5) . We compared the perinatal outcomes according to maternal age groups between monochorionic and dichorionic twin pregnancies, Antenatally diagnosed in one or more twin pairs. respectively. Overall, the results were similar to those of the total study population. However, no difference in the birth weight according to maternal age groups was noted in the monochorionic twin pregnancies, and the rates of preterm delivery <34 weeks of gestation, 5-minute Apgar score <7, and PDA significantly decreased with advancing maternal age in the dichorionic twin pregnancies (data not shown).
Discussion
This retrospective cohort study aimed to evaluate the influence of maternal age on pregnancy and perinatal outcomes in twin pregnancies. The risk of adverse pregnancy outcomes for twin pregnancy generally did not increase with advancing maternal age, except for gestational diabetes and placenta previa. Notably, in terms of neonatal outcomes such as birth weight and NICU admission, twins of older mothers had more favorable outcomes compared to twins of younger mothers. It is well known that advanced maternal age is associated with an increased risk of adverse perinatal outcomes for singleton pregnancies [16] . However, for twin pregnancies, the impact of maternal age on perinatal outcomes is less obvious. Although some studies have shown that advanced maternal age was associated with higher risk of perinatal outcomes such as cesarean section, hypertensive disorder, and longer NICU admission [12] , many other studies found no significant effect of maternal age on twin pregnancy outcomes [11, 17, 18] .
There are numerous possible reasons why the influence of maternal age on pregnancy and perinatal outcomes varies between twin and singleton pregnancies. First, twin pregnancy itself is known to be associated with a higher risk of many obstetric complications, including preeclampsia, gestational diabetes, and preterm delivery. Since the physiologic changes and complication mechanisms may differ between singleton and twin pregnancies, the effect of maternal age on singleton pregnancies cannot simply be extrapolated to twin Jonckheere-Terpstra test for continuous variables and linear-by-linear association for categorical variables. Yeon-joo Lee, et al. Maternal age and twin pregnancy outcome pregnancies [19] . Second, chorionicity difference may play a role. Pregnancy conceived via ART is more common among older women and more likely to result in dichorionic twinning. Given that monochorionic twins are at greater risk of adverse outcomes than are dichorionic twins, including TTTS, fetal death, fetal anomaly, preterm birth, and neuromorbidity, chorionicity differences by maternal age may affect the age-related risk for twin pregnancy [20, 21] . In our data, the rates of placenta previa, TTTS, preterm delivery <37 weeks of gestation, small-for-gestational age, 1-minute Apgar score <4, 5-minute Apgar score <7, and NICU admission were significantly higher in monochorionic twin pregnancies than in dichorionic twin pregnancies, while the rates of gestational diabetes and cervical incompetence were significantly higher in dichorionic twin pregnancies than in monochorionic twin pregnancies (data not shown). Third, a twin pregnancy in an older woman is generally considered a high-risk pregnancy on its own, which typically results in those women having more frequent antenatal visits and greater adherence to a healthy lifestyle. These behaviors may have influenced the favorable outcomes observed in the advanced maternal age pregnancies [22] . However, due to the limitations of a retrospective study, there was insufficient information on each patient's lifestyle behavior and antenatal visit patterns in this study. Nevertheless, the rates of gestational diabetes and placenta previa increased with advancing maternal age in our study. Consistent with our results, Ananth et al. [23] reported a higher placenta previa rate in twin pregnancies compared with singleton pregnancies, as well as an increased placenta previa rate with advancing maternal age. Recent studies have identified several risk factors of placenta previa, such as parity, previous cesarean section, advanced maternal age, and multiple pregnancies [23] [24] [25] . A possible explanation for the increased placenta previa risk is that the placenta size for a twin pregnancy is larger than that of a singleton pregnancy [26] . Advanced maternal age pregnancies often have decreased uterine blood flow, and the need for a larger placental surface for adequate blood flow during pregnancy may be the reason for increased placenta previa [27, 28] . Alternatively, ART has been identified as a placenta previa risk factor [29] . It has also been suggested that embryo transfer may cause uterine contractions during the ART procedure, resulting in a higher incidence of uterine lower-segment implantation [30] . For decades, it has been recognized that women of advanced maternal age have a higher rate of gestational diabetes [24, 31, 32] ; however, this could also be explained by progressive vascular endothelial damage with increasing age [27] . Consistent with our study results, Zhu et al. [33] reported that advanced maternal age in twin pregnancy was associated with increased gestational diabetes.
Interestingly, our results indicate that twins from older women had more favorable outcomes in terms of higher birth weight and lower NICU admission rates. Several studies have reported that birth weight increases with increasing maternal age, both in singleton and multiple pregnancies [22, 34] . The reason for increased birth weight with advancing maternal age is not fully understood. The effect of maternal age on birth weight may have been influenced by higher parity, increased maternal weight, better socioeconomic circumstances, better health behaviors, more frequent pregnancies by ART, and more concerned prenatal surveillances [22, [35] [36] [37] . Although we cannot fully explain the lower risk of NICU admission with advanced maternal age, higher birth weights may play a role. In general, monochorionic twins experience increased risk of fetal death, fetal anomaly, preterm birth, and intrauterine growth restriction compared with dichorionic twins [20, 21, 38] . As maternal age increases, the increases in ART pregnancy and dichorionic twins may explain the lower NICU admission rate. However, in the multiple logistic regression analyses, maternal age was significantly associated with NICU admission, independent of chorionicity. Other studies have suggested that some perinatal outcomes, such as a lower risk of neonatal and perinatal death, lower rate of preterm birth, and higher birth weight, were more favorable in twin pregnancies of advanced maternal age [11, 34] .
Advanced maternal age is generally defined as older than 35 years, but this definition is mostly based on an estimate of the risk of fetal loss after genetic amniocentesis and the risk of aneuploidy [39] . However, in this context, the definition of advanced maternal age for twin pregnancies may not be the same as for singleton pregnancies, because the age cut-off for genetic amniocentesis in dichorionic twin pregnancies is 31 years [40] . Therefore, we did not categorize the patients into 2 groups using the 35-year mark. Instead, we categorized the patients into more detailed groups to better analyze the age-related risk of adverse pregnancy outcomes and found that the impact of maternal age gradually changed with increasing age rather than yielding an increased risk at a
